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A	  Major	  Qualifying	  Project	  Submitted	  to	  the	  Faculty	  of	  Worcester	  Polytechnic	  








This major qualifying project involves the freezing and thawing of moss species 
pre-cultured with Abscisic Acid (ABA) to promote freezing tolerance. The goal of 
this project was to determine if the moss species Physcomitrella patens could be 
frozen and re-grown by reproducing published protocols and developing a growth 
assay to test for viability. Moss plants were grown under LED lights and pre-
cultured with cryoprotectants. The moss was then placed into cryovials and 
preserved for two days in a -80 °C freezer. After one week, moss from the 
cryovials was thawed and placed back onto PpNH4 for the test of re-growth. After 
11 days the moss that was grown on ABA agarose plates and pre-treated with 
Dimethyl Sulfoxide (DMSO) and Glucose regenerated to pre-freezing amounts.  
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Chapter	  1:	  Introduction	  	  The	  purpose	  of	   this	  project	  was	  to	  determine	  an	  effective	  method	  to	  cryopreserve	  moss	   in	   order	   to	   be	   regrown	   once	   thawed.	   	   The	   specific	   moss	   species	   that	   was	  utilized	  was	  Physcomitrella	  patens.	   	  P.	  patens	   was	   used	   because	   it	   is	   an	   emerging	  model	   organism	   for	   biological	   experiments.	   	   A	   model	   organism	   is	   one	   that	   is	  extensively	  studied	  to	  better	  understand	  specific	  phenomena,	  which	  will	  then	  help	  provide	  insight	  into	  various	  other	  organisms.	  	  Model	  organisms	  are	  chosen	  based	  on	  certain	  criteria	  including	  small	  size,	  short	  generation	  times,	  or	  a	  unique	  aspect	  in	  its	  genome	  (Hedges,	  2005).	  	  P.	  patens	  possesses	  all	  three	  of	  these	  factors.	  	  The	  method	  used	   to	   freeze	   samples	  of	  P.	  patens	   is	   termed	  cryopreservation.	   	  This	  process	   utilizes	   cryoprotective	   agents	   to	   preserve	   samples	   at	   low	   temperatures	  (usually	  around	  -­‐90	  °C).	  	  Other	  procedures	  were	  examined	  in	  order	  to	  determine	  the	  best	   approach	   to	   this	   process.	   	   Ultimately,	   an	   ethanol	   bath	   was	   to	   decrease	   the	  temperature	   of	   moss	   samples	   at	   a	   controlled	   rate.	   	   Also,	   the	   moss	   used	   in	   these	  experiments	  was	  grown	  on	  plates	  containing	  ABA	  prior	  to	  freezing.	  	  The	  addition	  of	  ABA	   to	   the	  moss	   samples	   allows	   the	  moss	   samples	   to	   become	   less	   susceptible	   to	  dehydration	   and	  deadly	   ice	   crystal	   formation	   during	   the	   freezing	   process	   thereby	  increasing	  the	  likelihood	  of	  survival	  of	  moss	  samples	  once	  they	  are	  thawed.	  	  Overall,	   the	   hypothesis	   is	   to	   prove	   that	   the	   addition	   of	   ABA	   prior	   to	   freezing	  will	  allow	   the	   moss	   to	   survive	   cryopreservation.	   	   With	   moss	   samples	   more	   likely	   to	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survive	  freezing	  the	  chances	  of	  regrowth	  once	  thawed	  increase	  as	  well.	  	  If	  ABA	  does	  indeed	   increase	   the	   survival	   rate	   of	   moss	   during	   freezing	   then	   a	   successful	  cryopreservation	  process	  will	  be	  available.	  	  	  After	   conducting	   multiple	   experiments	   where	   moss	   samples	   were	   frozen	   in	  cyrovials	  using	  a	  “Nalgene	  Cryo	  1	  °C	  Freezing	  Container”	  ethanol	  bath	  and	  a	  -­‐80	  	  °C	  freezer	  for	  a	  period	  of	  two	  days,	  it	  was	  determined	  that	  growth	  on	  plates	  containing	  ABA	   as	   well	   as	   the	   addition	   of	   Dimethyl	   Sulfoxide	   (DMSO)	   and	   glucose	   to	   moss	  samples	   prior	   to	   freezing	   increases	   their	   chance	   of	   survival	   and	   regrowth.	   	   On	  average	   the	  moss	   treated	  with	   ABA,	   DMSO,	   and	   glucose	   had	   noticeable	   regrowth	  after	  a	  period	  of	  11	  days.	   In	  contrast,	   the	  control	  moss,	  grown	  on	  regular	  medium	  (PpNH4)	  and	  then	  frozen	  in	  cryovials,	  did	  not	  regrow	  after	  freezing.	  
	  3	  
Chapter	  2:	  Background	  and	  Literature	  Review	  
The	   following	   sections	   summarize	   background	   information	   to	   understand	  bryophytes,	   the	   lifecycle	   and	   characteristics	   of	   moss,	   Physcomitrella	   patens,	  cryopreservation,	  and	  Abscisic	  acid.	  	  
2.1	  Bryophytes	  and	  Moss	  The	   origin	   of	   bryophytes	   can	   be	   traced	   to	   over	   500	  million	   years	   ago.	   	   The	   term	  bryophyte	   is	   used	   to	   classify	   all	   land	  plants	   that	   do	  not	   produce	   seeds	   or	   contain	  vascular	  tissue.	  	  Vascular	  tissue	  is	  a	  tissue	  specific	  for	  delivering	  water	  and	  nutrients	  throughout	   the	   plant	   and	   includes	   both	   the	   phloem	   and	   the	   xylem.	   	   Bryophytes	  consist	  of	  liverworts,	  hornworts,	  and	  moss,	  as	  shown	  in	  Figure	  1.	  
	  
Figure	  1:	  Digital	  image	  of	  the	  various	  types	  of	  Bryophytes	  (“Bryophytes…”,	  2008)	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The	  most	  commonly	  encountered	  bryophyte	  is	  moss,	  however,	  all	  species	  are	  very	  similar.	   	   Liverworts	   and	  moss	   are	   similar	   in	   appearance	   but	   differ	   in	   their	   spore-­‐producing	   structures.	   	   Liverworts	   have	   small	   balloon	   like	   structures	   within	   the	  organism	   that	   produce	   their	   spores	   while	   moss	   produce	   spores	   from	   structures	  called	   capsules	   that	   extend	   from	   their	   leaves.	   	   Hornworts,	   however,	   form	   spores	  from	  horn-­‐like	  structures	  (hence	  the	  name)	  called	  sporangia	  (Robinson,	  2001).	  	  	  	  There	   are	   over	   18,000	   different	   bryophytes	   classified,	   and	   moss	   makes	   up	   the	  majority	   with	   approximately	   10,000	   species.	   	   	   These	   species	   are	   diverse	   in	   their	  habitats.	   	  They	  can	  live	  in	  climates	  ranging	  from	  arid	  dessert	  to	  the	  cold	  climate	  of	  Antarctica	  to	  areas	  of	  high	  elevation	  to	  dense	  forested	  areas.	  	  The	  diverse	  habitats	  in	  which	  these	  species	  are	  capable	  of	  living	  show	  their	  adaptability	  (Schaefer,	  2011).	  
2.1.1	  Characteristics	  of	  Moss	  The	   life	   cycle	   of	   moss	   is	   very	   unique.	   	   	   As	   previously	   mentioned	   moss	   does	   not	  contain	   vascularized	   tissue	   such	   as	   a	   xylem	   and	   phloem	   for	   water	   transport	  throughout	   the	  plant.	   	  Therefore,	   the	  processes	  of	  osmosis	  and	  diffusion	  are	  much	  more	  important	  for	  water	  and	  nutrient	  uptake	  than	  in	  vascularized	  plants.	  	  Mosses	  also	  differ	  from	  vascular	  plants	  in	  the	  fact	  that	  they	  do	  not	  have	  roots.	  	  Instead	  they	  utilize	  thin-­‐walled	  cells	  known	  as	  rhizoids	  to	  anchor	  themselves	  to	  the	  surface	  they	  inhabit.	   Moss	   grows	   in	   close	   proximity	   to	   the	   ground	   because	   of	   these	  characteristics	  (Robinson,	  2001).	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Mosses	   also	   differ	   from	   vascular	   plants	   in	   their	   methods	   of	   sexual	   reproduction.	  	  Instead	   of	   reproducing	   via	   seeds	   moss	   reproduce	   using	   spores.	   	   Also,	   in	   most	  vascular	   plants,	   the	   sporophyte	   or	   diploid	   phase	   (possessing	   two	   sets	   of	  chromosomes)	  is	  dominant	  over	  the	  gametophyte	  or	  haploid	  phase	  (possessing	  only	  one	  set	  of	  chromosomes).	   	  In	  moss,	  the	  gametophyte	  phase	  is	  dominant.	   	  In	  plants,	  reproduction	   is	   completed	   through	   alternating	   generations,	   meaning	   a	   variation	  between	  diploid	  and	  haploid	  generations.	  	  	  In	  both	  vascular	  and	  nonvascular	  plants	  reproduction	   begins	   with	   mitosis	   in	   which	   the	   gametophyte	   (haploid	   phase)	  produces	  either	  a	  sperm	  or	  egg	  cell.	   	  The	  sperm	  cells	  of	  a	  male	  plant	  then	  fertilize	  the	  egg	  cells	  of	  a	  female	  plant	  creating	  a	  diploid	  zygote,	  which	  will	  then	  grow	  into	  an	  embryo.	   	   The	   embryo	   is	   responsible	   for	   producing	   the	   diploid	   sporophyte	  generation.	   	  These	  sporophytes	   then	  produce	  haploids	   through	  meiosis.	   	  Finally,	  a	  new	  generation	  of	  gametophytes	   is	  again	  produced.	   	   	   In	  seed	  producing	  plants	  the	  sporophyte	   diploid	   phase	   is	   dominant	   over	   the	   gametophyte	   haploids,	   which	   are	  only	   present	   in	   small	   numbers.	   	   However,	   in	   moss	   and	   all	   other	   bryophytes	   the	  haploid	   gametophytes	   dominate	   and	   sporophyte	   diploid	   activity	   is	   completely	  dependent	   upon	   the	   haploid.	   	   The	   flow	   chart	   in	   Figure	   2	   depicts	   the	   process	   by	  which	  moss	  reproduces	  (Robinson,	  2001).	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Figure	  2:	  Life	  Cycle	  of	  Moss	  (Reski,	  2004)	  
2.1.2	  Physcomitrella	  patens	  
P.	  patens	  is	  a	   specific	   species	  of	  moss	   that	  grows	   in	   temperate	   regions	  around	   the	  world.	  	  Its	  suitable	  habitat	  is	  muddy	  areas	  around	  the	  edges	  of	  a	  body	  of	  water.	  	  This	  particular	  moss	  species	  has	  become	  increasingly	  utilized	  in	  biological	  experiments.	  	  One	  of	  the	  main	  reasons	  for	  this	  is	  its	  use	  as	  a	  model	  organism.	  	  A	  model	  organism	  is	  one	  that	  is	  extensively	  studied	  to	  better	  understand	  specific	  phenomena,	  which	  will	  then	  help	  provide	  insight	  into	  various	  other	  organisms.	  	  A	  model	  organism	  is	  usually	  chosen	  based	  on	   certain	   factors,	   including	   small	   size,	   short	   generation	   times,	   or	   a	  unique	  aspect	  in	  its	  genome	  (Hedges,	  2005).	  	  	  
	  	  
Figure	  3:	  	  Developing	  sporophyte	  	  on	  a	  gametophyte	  (Reski,	  	  2004)	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P.	  patens	   	   possesses	   all	   of	   these	  qualities.	   	  Moss	   in	   general	  has	   a	   short	   generation	  time	  and	   is	   an	  organism	   small	   enough	   to	  make	   completing	   experiments	   relatively	  easy.	  	  P.	  patens	  is	  also	  utilized	  because,	  like	  all	  moss	  species,	  the	  haploid	  generation	  is	   dominant	   over	   the	   diploid	   one.	   	   Therefore,	   conducting	   genetic	   testing	   is	   much	  easier.	   	   Genetic	   dominance	   is	   eliminated	   because	   there	   cannot	   be	   heterozygous	  haploid	   tissue.	   	   Therefore,	   performing	   forward	   and	   reverse	   genetic	   experiments	  such	  as	  a	  loss	  of	  function	  mutations	  will	  result	  in	  a	  direct	  change	  in	  phenotype	  due	  to	  the	  absence	  of	  a	  homologous	  allele	  to	  counteract	  the	  mutation	  (Reski,	  2004).	  	  	  	  Along	  with	  making	   genetic	   experiments	   simpler	   and	  more	   efficient,	  P.	   patens	   has	  other	   beneficial	   qualities.	   	   Moss	   contains	   many	   chemical	   compounds	   that	   other	  plants	   lack,	   such	  as	   long	  polyunsaturated	   fatty	  acid	  chains,	  which	  are	  becoming	  of	  increasing	  value	  to	  the	  food	  industry.	  	  These	  fatty	  acids	  are	  much	  healthier	  than	  the	  fats	   that	  we	  consume	  on	  a	  daily	  basis.	   	  By	   transferring	   the	  moss	  genes	   that	  create	  these	  fatty	  acids	  into	  seed	  plants	  scientists	  can	  modify	  their	  composition	  to	  produce	  healthier	  fatty	  acids	  (Reski,	  2004).	  	  Finally,	  experimenting	  with	  moss	  allows	  us	  to	  take	  a	  look	  back	  into	  the	  evolution	  of	  plants.	   	  The	   last	  common	  ancestor	  between	  seed	  plants	  and	  bryophytes	   lived	  over	  450	  million	  years	  ago.	   	   Since	   this	   time	  moss	  and	  other	  bryophytes	  have	  remained	  relatively	   the	   same.	   	   Therefore,	   by	   studying	   the	   genetics	   of	   moss	   scientists	   may	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potentially	  be	  able	  to	  answer	  some	  of	  the	  many	  questions	  surrounding	  the	  evolution	  of	  the	  plants	  we	  see	  today	  (Reski,	  2004).	  
2.2	  Cryopreservation	  Cryopreservation	   is	  a	  process	  by	  which	   living	  organisms	  can	  be	  preserved	   in	   cold	  temperatures	  (usually	  around	  -­‐90	  °C	  or	  lower).	  	  The	  goal	  of	  this	  process	  is	  to	  create	  an	   environment	   where	   cells	   or	   tissue	   can	   be	   preserve	   without	   being	   harmed	   by	  chemicals	  or	  other	  substances	  that	  could	  potentially	  damage	  them.	  	  By	  bringing	  the	  material	  in	  question	  to	  such	  low	  temperatures	  all	  enzymatic	  and	  chemical	  activity	  is	  halted.	  	  This	  process	  is	  commonly	  used	  to	  preserve	  various	  types	  of	  cells	  including;	  red	  blood	  cells,	  stem	  cells,	  sperm	  cells	  as	  well	  as	  tissues	  and	  other	  organic	  materials	  such	  as	  aortic	  tissue,	  cardiac	  valves,	  parathyroid	  glands,	  and	  veins.	  If	  done	  properly	  cells	  and	  tissue	  can	  be	  preserved	  for	  over	  a	  decade	  (Yawn,	  2013).	  	  	  This	  procedure	  is	  accomplished	  by	  first	  applying	  a	  cryoprotective	  agent	  to	  the	  cells	  or	   tissue	   in	   question.	   	   A	   cryoprotective	   agent	   is	   a	   chemical	   designed	   to	   prevent	  dehydration	  and	   the	   formation	  of	   intracellular	   ice	   crystals	  within	   the	  cell	   (Wayne,	  1973).	   	   Common	   cryoprotective	   agents	   include	   dimethyl	   sulfoxide	   (DMSO)	   and	  glycerol.	  	  DMSO	  is	  used	  more	  often.	  	  Glycerol	  is	  usually	  used	  when	  dealing	  with	  red	  blood	   cells,	   bacteria,	   and	   yeast.	   	   Once	   a	   cryoprotective	   agent	   has	   been	   added,	   the	  most	  common	  method	  utilized	   for	  preservation	   is	  controlled-­‐rate	   freezing.	   	   In	   this	  process	  liquid	  nitrogen	  is	  funneled	  into	  a	  closed	  chamber	  containing	  the	  material	  to	  be	   preserved.	   	   This	   usually	   takes	   approximately	   a	   day	   to	   bring	   the	   temperature	  down	  to	  around	  -­‐90	  °C.	  	  	  The	  process	  is	  monitored	  carefully	  because	  if	  the	  freezing	  is	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conducted	  too	  fast	   it	  can	  result	   in	  death	  of	  the	  cell	  or	  tissue	  due	  to	  dehydration	  or	  ice	   crystal	   formation.	   	   These	   factors	   cause	   the	   plant	   extreme	   stress.	   	   Once	   the	  temperature	  is	  stable	  at	  -­‐90	  °C	  the	  material	  in	  question	  is	  transferred	  to	  a	  liquid	  or	  vapor	  nitrogen	  freezer	  where	  it	  can	  remain	  for	  a	  long	  period	  of	  time	  (Yawn,	  2013).	  	  A	   cooling	   bath	   containing	   ethanol	   and	   ethylene	   glycol	   can	   also	   be	   used	   to	   cool	  samples	  in	  a	  controlled	  method	  in	  order	  to	  prevent	  the	  formation	  of	  ice	  crystals.	  	  For	  this	  process	  specimens	  are	  placed	  in	  a	  container	  full	  of	  ethanol	  and	  ethylene	  glycol.	  	  This	   container	   is	   then	   sealed	   and	   placed	   in	   a	   freezer	   (-­‐80	   °C).	   	   Since	   ethanol	   has	  freezing	   point	   of	   -­‐114	   °C	   and	   ethylene	   glycol	   freezes	   at	   -­‐12.9	   °C	   the	   solution	  will	  never	  freeze.	  	  It	  will	  become	  a	  gel-­‐like	  solution	  that	  will	  allow	  the	  temperature	  of	  the	  specimen	  to	  decrease	  in	  temperature	  slowly	  at	  a	  controlled	  rate	  (Greaves,	  2011). 
2.3	  Abscisic	  Acid	  Abscisic	  Acid	  (ABA)	  is	  a	  plant	  hormone	  that	  plays	  a	  major	  part	   in	  seed	  maturation	  and	  germination,	  plant	  growth	  and	  development,	  and	  assists	  in	  the	  plant’s	  response	  to	  environmental	  stresses	  such	  as	  extreme	  temperature	  (Santiago,	  2009).	  	  Scientists	  started	  research	  into	  this	  hormone	  in	  the	  1940s;	  however,	  it	  was	  not	  until	  1960	  that	  they	  were	   able	   to	   isolate	   the	   hormone	   (Leung,	   1998).	   	   	   ABA	   increases	   the	   plants	  tolerance	  to	  dehydration	  by	  initiating	  the	  closing	  of	  the	  stomata	  as	  well	  increase	  the	  production	  of	  water	  compatible	  solutes	  and	  dehydrins	  within	  the	  plant.	  	  Dehydrins	  are	   a	   group	   of	   proteins	   found	   in	   plants	   that	   are	   extremely	   hydrophilic.	   	   The	  increased	   production	   of	   these	   proteins	   enables	   the	   plant	   to	   survive	   in	   extreme	  temperatures	  and	  situations	  where	  water	  is	  not	  abundant	  (Rorat,	  2006).	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  Today,	   scientists	   are	   utilizing	   ABA	   in	   biological	   experiments	   dealing	   with	  cryopreservation.	   	   Adding	   ABA	   to	   a	   specimen	   prior	   to	   freezing	   increases	   their	  chance	  of	  surviving	  the	  preservation	  process.	  	  This	  was	  achieved	  by	  adding	  ABA	  to	  the	  plates	  in	  which	  the	  moss	  was	  grown.	  	  Once	  the	  ABA	  was	  added	  to	  the	  agar,	  moss	  was	  grown	  on	  the	  plates.	  In	  1998,	  Biologist	  Valerie	  Pence	  conducted	  an	  experiment	  where	  she	  tested	  the	  effects	  of	  adding	  ABA	  to	  four	  different	  species	  of	  Bryophytes;	  three	   liverworts	   and	   one	   moss,	   prior	   to	   preservation.	   With	   all	   four	   species	   a	  pretreatment	   of	   ABA	   resulted	   in	   a	   higher	   survival	   rate	   than	   for	   the	   samples	   that	  were	  not	  pretreated	  (Pence,	  1998).	  
2.4	  Importance	  of	  this	  Study	  The	  research	  being	  conducted	  could	  be	  beneficial	  to	  the	  continuous	  development	  of	  
Physcomitrella	   patens	  as	   a	  model	   system.	   	   This	   is	   relevant	   because	   the	   principles	  that	  we	  learn	  from	  moss	  could	  be	  a	  gateway	  to	  applications	  in	  much	  larger	  species.	  	  Cryopreservation	  is	  becoming	  an	  important	  field	  in	  biology.	  	  Effective	  procedures	  in	  this	   field	  could	  aid	   in	  other	  fields	  as	  well.	   In	  addition,	  cryopreservation	  is	  valuable	  because	   plants	   could	   be	   preserved	   for	   long	   periods	   of	   time	   for	   purposes	   such	   as	  transportation.	  	  This	  process	  could	  also	  be	  used	  to	  preserve	  endangered	  species.	  
2.5	  Objectives	  Hypothesis:	   We	   hypothesize	   that	   the	   addition	   of	   Abscisic	   acid	   (ABA),	   Dimethyl	  Sulfoxide	   (DMSO),	   and	   Glucose	   prior	   to	   freezing	   will	   increase	   the	   chances	   of	   the	  survival	  and	  ultimate	  regrowth	  of	  the	  sample.	  
	  11	  
1. Gain	   a	   better	   understanding	   of	   how	   to	   grow	   and	   propagate	   moss	   under	  axenic	  conditions.	  	  2. Gain	  a	  greater	  knowledge	  of	  the	  cryopreservation	  process.	  3. Determine	   the	   effects	   of	   Abscisic	   acid	   on	   preservation	   of	   Physcomitrella	  
patens.	  4. Successfully	  freeze	  moss	  at	  -­‐90	  	  °C	  and	  regrow	  after	  a	  period	  of	  thawing.	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Chapter	  3:	  Materials	  &	  Method	  
The	   following	   sections	   describe	   the	   experimental	   materials	   and	  methods	   used	   to	  achieve	   the	   stated	   objectives.	   	   Preparation	   of	   media,	   moss	   growth,	   moss	  cryopreservation	  and	  regrowth	  are	  detailed	  in	  these	  sections.	  
3.1	  Culture	  conditions	  and	  culture	  media	  	  Wild-­‐type	   Gransden	   moss	   was	   used.	   Plants	   were	   grown	   in	   vitro	   at	   an	   average	  temperature	  of	  20°C	  under	  LED	  grow	   lights	  at	  a	   light	   intensity	  of	  70	  µmol	  m-­‐2	   s-­‐1	  	  (Philips	  TDL	  38	  W/25).	  Plants	  were	  cultured	  on	  solid	  medium	  consisting	  of	  agarose	  compound	   in	   PpNH4.	   Prior	   to	   cryogenic	   conditions	   moss	   was	   transferred	   from	  PpNH4	  to	  a	  cryoprotectant	  precursor	  medium	  for	  one	  week.	  This	  medium	  consisted	  of	   920mg/l	   ammonium	   tartrate,	   87g/l	   Mannitol,	   10µM	   abscisic	   acid	   (ABA),	   and	  100mM	  of	  proline.	  When	  used,	   liquid	  medium	  was	   filter	   sterilized,	  while	   the	  solid	  medium	   was	   mixed	   with	   1.2%	   agar	   pre-­‐mix	   and	   autoclaved.	   Macro	   and	  microelements	   were	   autoclaved	   along	   with	   FeSO4	   x	   7H20,	   glucose,	   and	   Mannitol	  (Schulte,	   2004).	   A	   complete	   diagram	   of	   all	   intended	   areas	   covered	   during	   this	  experimental	  process	  can	  be	  found	  in	  Flowchart	  1.	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Flowchart	  1:	  Complete	  experimental	  concept	  map,	  included	  in	  green	  are	  the	  four	  main	  concepts	  associated	  with	  this	  process.	  
3.2	  Making	  PpNH4	  media	  	  Stock	  solutions	  were	  made	  with	  the	  ingredients	  found	  in	  Table	  1	  in	  order	  to	  provide	  a	   sufficient	   supply	   for	   plates	   to	   be	   poured	   weekly	   if	   necessary.	   Solutions	   were	  autoclaved	   and	   kept	   refrigerated	   to	   limit	   contamination	   as	   previous	   conditions	  proved	  that	  plates	  kept	  at	  room	  temperature	  provided	  unfavorable	  conditions.	  The	  final	  medium	  (PpNH4)	  was	  poured	  onto	  plates	  under	  sterile	  hoods	  and	  allowed	  to	  cool	  overnight.	  
Table	  1:	  Stock	  Solutions	  for	  Media	  
Stock	  Solutions	   Final	  Volume	   Weight	  (g)	  MgSO4	  –	  7H2O	   500	  mL	   61.6	  KH2PO4	   500	  mL	   62.6	  Ca	  (NO3)2	  –	  4H2O	   500	  mL	   200.7	  CaCl2	   500	  mL	   29.4	  Mannitol	   500	  mL	   72.9	  MES:	   (Adjusted	   to	   5.7	   pH	   with	  KOH	  approximately	  103	  drops	   	  500	  mL	   1.95	  MgCl2	   500	  mL	   15.25	  NaCl	   500	  mL	   14.61	  KCl	   500	  mL	   1.86	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Ingredients	  were	  poured	  and	  mixed	  together	  using	  the	  amounts	  specified	  in	  Table	  2	  to	  make	   the	   complete	   PpNH4	  medium.	  A	   1L	   bottle	  was	   filled	  with	  water	   first	   and	  salts	  were	  then	  added	  to	  it,	  all	  salts	  were	  not	  mixed	  together	  prior	  to	  this	  step.	  When	  autoclaving	  one	  must	  ensure	  that	  the	  stir	  bar	  is	  included	  in	  this	  process.	  Plates	  were	  poured	   in	   a	   sterile	   environment	   under	   a	   hood,	   which	   was	   sprayed	   down	   with	  ethanol	   and	   lights	  were	   switched	   to	  UV	   for	   5-­‐10	  minutes	   prior	   to	   pouring.	   Plates	  were	  placed	   in	  a	  way	  where	   they	  could	  be	  poured	   from	  back	   to	   front	   (as	  crossing	  over	  could	  potentially	   lead	  to	  contamination)	   to	  promote	  sterile	   technique.	   	  Plates	  were	   allowed	   to	   harden	   overnight	   in	   the	   hood	   and	   placed	   back	   into	   original	  packaging	  for	  refrigeration	  (Schulte,	  2004).	  
Table	  2:	  PpNH4	  medium	  	  
Recipe	  for	  1L	   Volume	  MgSO4-­‐7H2O	  –	  500x	   2ml	  KH2PO4	  –	  500x	   2ml	  Ca	  (NO3)	  –	  4H2O	  –	  500x	   2ml	  Di-­‐ammonium	  tartrate	   0.5	  grams	  FeSO4-­‐7H2O	   12.5	  mg	  Micro	  Elements	  –	  1000X	   1ml	  H2O	   Up	  to	  1L	  	  
3.3	  Grinding	  moss	  and	  passing	  plates	  	  	  Before	   making	   media	   all	   spatulas,	   forceps,	   grinder	   tip,	   grinder	   cover,	   H20,	   and	  cellophane	  were	   autoclaved.	  Electrical	   grinder,	   ethanol	   lamp,	   auto	  pipette,	   lighter,	  marker,	   and	   bags	   containing	   PpNH4	   plates	   were	   sterilized	   with	   70%	   ethanol.	  Forceps	  were	  dipped	  in	  90%	  ethanol,	  flame-­‐sterilized,	  and	  used	  to	  load	  empty	  plates	  with	   cellophane	   so	  moss	   could	   be	   easily	   transferred	   if	   needed.	   Already	   prepared	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specimens	   of	   moss	   were	   scraped	   with	   a	   flame-­‐sterilized	   spatula	   and	   carefully	  transferred	   to	   5mL	   tubes.	   Next,	   4mL	   of	   sterile	   H20	   was	   added	   to	   the	   tube.	   The	  grinder	   tip	   and	   cover	   was	   carefully	   attached	   to	   the	   grinder	   touching	   as	   little	   as	  possible.	  The	  moss	  was	  then	  ground	  on	  a	  grinder	  that	  had	  speeds	  ranging	  from	  1-­‐20,	  using	  the	  average	  speed	  of	  15	  for	  no	  longer	  than	  10-­‐15	  seconds	  (or	  until	  moss	  was	  evenly	   ground).	  The	  ground	  mixture	  was	   then	  pipetted	   to	   an	  amount	  of	  1mL	  per	   plate.	   Covers	   on	   the	   plates	  were	   then	   reattached	   and	   sealed	  with	  Micro-­‐pore	  tape	  (Schulte,	  2004).	  A	  complete	  routine	  weekly	  process	  can	  be	  found	  portrayed	  in	  Flowchart	  2.	  	  
	  
Flowchart	  2:	  Weekly	  routine	  for	  passing	  plates.	  Moss	  provided	  was	  grinded	  using	  and	  electric	  grinder	  and	  processed	  as	  follows.	  A,	  B,	  X,	  Y,	  and	  XY	  are	  all	  moss	  directly	  correlated	  with	  the	  dates	  that	  
	  16	  
they	  were	  originally	  propagated	  and	  now	  grown	  on	  PpNH4.	  Moss	  A	  grown	  on	  PpNH4	  was	  sieved	  into	  3	  dilutions	  of	  full,	  ½,	  and	  ¼.	  A	  &	  B	  were	  also	  plated	  on	  abscisic	  acid	  (ABA)	  medium	  for	  an	  additional	  week.	  	  
3.4	  Growth	  assay	  and	  sieving	  	  Before	  the	  experiment	  was	  started	  all	  equipment	  was	  sterilized	  as	  previously	  stated.	  Already	  prepared	  specimens	  of	  moss	  were	  scraped	  with	  a	   flame-­‐sterilized	  spatula	  and	  carefully	   transferred	  to	  5mL	  tubes.	   	  Next	  2mL	  of	  sterile	  H20	  was	  added	  to	  the	  respected	  tubes.	  Ground	  moss	  was	  pipetted	  into	  the	  sieve	  and	  filtered	  through	  and	  10µL	  of	  mixture	  was	  pipetted	  into	  a	  hemocytometer	  where	  a	  viable	  cell	  count	  would	  be	   performed.	   Remaining	   moss	   mixture	   was	   centrifuged	   at	   1000RMP	   for	   2-­‐3	  minutes,	   and	   the	   pellet	  was	   saved	   after	   excess	   liquid	  mixture	  was	   aspirated.	   The	  pellet	  was	  re-­‐suspended	  with	  2mL	  of	  sterile	  H20	  and	  1mL	  from	  that	  was	  transferred	  to	   a	   PpNH4	   plate.	   Two	   more	   times	   this	   happened	   in	   order	   to	   perform	   a	   serial	  dilution	  to	  the	  extent	  of	  full,	  half,	  and	  quarter	  concentrations	  respectively	  	  
3.5	  Growing	  moss	  	  Plates	   with	   newly	   ground	   moss	   were	   positioned	   under	   LED	   grow	   lights.	   A	  thermometer	   was	   established	   with	   max/min	   capabilities	   in	   order	   to	   check	   the	  average	   temperature	   in	   the	   room.	   The	   lights	   were	   programmed	   to	   be	   on	   for	   12	  hours	   and	   off	   for	   12	   hours.	   Plates	  were	   raised	   to	   their	   proper	   height	   in	   order	   to	  achieve	  maximum	  wavelength	  efficiency.	   	  Contamination	  was	  checked	  continually,	  on	  LB	  plates,	  as	  well	  as	  condensation	  levels	  (Schulte,	  2004).	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3.6	  Pre-­‐culturing:	  Preparation	  for	  freezing	  with	  Cryoprotectant	  After	  moss	  was	   grown	  on	  PpNH4	  medium	   for	   a	  minimum	  of	   one	  week,	  moss	  was	  directly	   transferred	   via	   cellophane	   to	   an	   ABA	   agarose	   medium	   to	   grow	   for	   an	  additional	   week	   under	   LED	   lights.	   This	   ABA	   medium	   consisted	   of	   920mg/l	  ammonium	   tartrate,	   87g/l	   Mannitol,	   10µM	   abscisic	   acid	   (ABA),	   and	   100mM	   of	  proline.	  The	  entire	  liquid	  medium	  was	  filter	  sterilized,	  while	  the	  solid	  medium	  was	  mixed	  with	  1.2%	  agar.	  Macro	  and	  microelements	  were	  autoclaved	  along	  with	  FeSO4	  x	  7H20,	  glucose,	  and	  Mannitol	  (Schulte,	  2004).	  
3.7	  Freezing	  Moss	  	  After	  moss	  had	  grown	  for	  one	  week	  on	  ABA	  medium,	  moss	  was	  reground	  and	  placed	  into	   cryovials	   for	   a	   one-­‐hour	   cryoprotectant	   incubation	   period.	   During	   the	   first	  round	   of	   freezing	   6	   cryovials	  were	   used	   as	   a	  means	   for	   controlled	   cooling.	   The	   6	  cryovials	   would	   consist	   of	   two	   different	   types	   of	   moss	   for	   positive	   and	   negative	  controls.	  Moss	  grown	  on	  PpNH4	  would	  make	  up	  the	  first	  3	  cryovials	  while	  the	  moss	  grown	  for	  one	  week	  on	  ABA	  would	  fill	  up	  the	  last	  3.	  Moss	  from	  both	  treatments	  was	  ground	   in	   both	   types	   for	   20-­‐30	   seconds	   with	   850µl	   of	   H2O	   and	   then	   added	   to	  cryovials.	   The	   cryovials	   contained	  50µl	   of	  DMSO	  and	  100µl	   of	   glucose.	  DMSO	  and	  glucose	   was	   filter	   sterilized	   prior	   to	   addition	   into	   cryovials.	   After	   the	   moss	   and	  cryoprotectants	  had	  been	  incubating	  for	  a	  minimum	  of	  one	  hour	  they	  were	  placed	  into	   and	   ethanol	   bath	   controlled	   cooling	   unit	   at	   -­‐80°C	   for	   2	   days,	   as	   shown	   in	  Flowchart	  3	  (Schulte,	  2004).	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Flowchart	  3:	  Process	  for	  cryo-­‐vial	  distribution.	  This	  diagram	  was	  created	  in	  order	  to	  show	  the	  weekly	  procedure	  for	  the	  passing	  and	  freezing	  of	  moss	  into	  cryovials.	  (A)	  is	  normal	  moss	  passed	  along	  each	  week	  to	  allow	  for	  a	  constant	  supply	  for	  future	  experimentation.	  Full	  (A),	  ½	  (A)	  and	  ¼	  (A)	  were	  sieved	  and	  plated	  in	  order	  to	  observe	  and	  record	  constant	  regrowth	  rates	  of	  moss	  at	  different	  dilutions.	  (B)	  is	  moss	  that	  has	  been	  grown	  on	  PpNH4	  medium	  for	  one	  week,	  then	  transferred	  to	  ABA	  for	  an	  addition	  week	  prior	  to	  freezing.	  Controls	  were	  plated	  for	  both	  normal	  moss,	  and	  moss	  grown	  on	  ABA.	  LB	  agar	  plates	  were	  done	  for	  all	  moss	  involved	  in	  order	  to	  check	  for	  contamination.	  	  




Figure	  4:	  Moss	  minutes	  after	  +30°C	  water	  bath	  	  Moss	  was	  then	  placed	  under	  LED	  grow	  lights	  set	  at	  12-­‐hour	  intervals	  and	  allowed	  to	  grow.	  The	  fist	  signs	  of	  re-­‐growth	  finally	  showed	  up	  after	  11	  days,	  which	  proved	  the	  cryopreservation	  was	  a	  success	  (Schulte,	  2004).	  
3.9	  Pictures	  of	  Moss	  Plates	  Under	  White	  and	  Blue	  Spectrums	  	  Pictures	  were	   taken	  of	  all	  of	   the	  plates	  used	   in	   the	  main	  experiments.	  Plates	  were	  brought	  into	  a	  darkroom	  and	  placed	  onto	  blue	  and	  white	  light	  boxes.	  An	  apparatus	  that	   had	   been	   constructed	   prior	   to	   our	   use	   allowed	   for	   a	   viewing	  window	  with	   a	  digital	   camera	   that	   fit	   perfectly	   on	   the	   various	   light	   boxes	   in	   order	   to	   gather	  pictures.	   Notes	   were	   collected	   from	   observation	   and	   the	   use	   and	   aid	   of	   Image	   J.	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Image	   J	   is	   an	   image	   processing	   software	   where	   different	   colors	   of	   light	   can	   be	  separated	  from	  color	  pictures.	  When	  analyzing	  florescent	  pictures,	  Image	  J	  is	  used	  to	  distinguish	   which	   plants	   have	   chlorophyll,	   indicating	   that	   they	   are	   alive.	   The	  complete	  process	  of	  cryogenic	  pictures	  can	  be	  found	  in	  Flowchart	  4.	  	  
	  
Flowchart	  4:	  Process	  model	  of	  picture	  taking.	  Moss	  A	  grown	  on	  PpNH4	  medium	  was	  diluted	  three	  times	  and	  pictures	  were	  taken	  of	  this	  process.	  Moss	  B	  grown	  on	  ABA	  medium	  was	  transferred	  there	  by	  moving	  the	  cellophane	  carrying	  the	  moss	  from	  PpNH4	  to	  ABA.	  This	  moss	  was	  frozen	  to	  the	  point	  of	  death	  and	  pictures	  were	  taken.	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Chapter	  4:	  Results	  	  The	   purpose	   of	   this	   study	   was	   to	   determine	   an	   effective	   method	   in	   which	  
Physcomitrella	   protonemata	   can	   be	   successfully	   frozen	   and	   then	   regrown	   once	  thawed.	   	  For	   this	  experiment	  a	  Gransden	  strain	  of	  Physcomitrella	  patens	  was	  used.	  	  Moss	  was	  grown	  on	  plates	  on	  PpNH4	  medium.	   	  After	  a	  period	  of	   two	  weeks	  moss	  was	  taken	  from	  these	  plates,	  ground	  using	  a	  modified	  dremel	  tool	  in	  1mL	  of	  water	  and	   then	   passed	   onto	   a	   new	   plate.	   	   A	   second	  medium	  was	   also	  made	   containing	  Abscisic	   acid	   (ABA)	   (reference	   tables	   in	   Materials	   and	   Methods	   section	   for	   exact	  composition).	   	  Moss	   from	  PpNH4	  plates	  was	  passed	  onto	  plates	  containing	  an	  ABA	  medium	  and	  allowed	   to	  grow	   for	  a	  week.	   	  Once	  enough	  moss	  was	  grown	  on	  both	  PpNH4	   and	   ABA	   plates	   moss	   was	   taken	   from	   both,	   ground	   using	   the	   modified	  dremel,	   and	   then	   placed	   into	   cryovials	   containing	   5	   %	   DMSO	   and	   10%	   glucose.	  	  Concentrations	   of	   20%	   DMSO	   and	   10%	   glucose	   were	   also	   tried,	   but	   proven	  unsuccessful.	  The	  moss	  was	  incubated	  in	  the	  DMSO	  and	  glucose	  for	  one	  hour.	   	  The	  cryovials	  were	  then	  put	  into	  an	  ethanol	  bath	  and	  placed	  into	  	  -­‐80	  °C	  freezer	  for	  two	  days.	   The	   moss	   was	   taken	   out,	   thawed,	   and	   re-­‐plated	   on	   PpNH4	   plates.	   	   After	   a	  period	   of	   11	   days	   the	  moss	   that	   survived	   the	   preservation	   treatment	  was	   able	   to	  regenerate.	  	  The	  moss	  grown	  on	  PpNH4	  plates	  did	  not	  regrow	  after	  thawing	  and	  re-­‐plating.	  Thus	  far,	  the	  hypothesis	  that	  ABA	  and	  DMSO	  aid	  in	  the	  preservation	  of	  moss	  during	  freezing	  was	  proven	  to	  be	  true,	  but	  additional	  testing	  is	  necessary	  in	  order	  to	  formulate	  a	  solid	  conclusion.	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Figures	  5a,	  5b,	  and	  5c	  (from	  left	  to	  right):	  Digital	  Images	  of	  Moss	  on	  PpNH4	  Plates	  at	  Dilutions	  of	  ¼,	  ½,	  and	  Full	  (no	  dilution)	  	  One	  experiment	  that	  our	  project	  team	  tested	  was	  diluting	  the	  amount	  of	  moss	  plated	  during	   the	  weekly	   passing	   of	   new	  plates.	   	   The	  purpose	   of	   this	   experiment	  was	   to	  determine	  the	  most	  accurate	  rate	  at	  which	  moss	  regrows	  from	  single	  cells.	  	  Although	  there	  may	   not	   be	   as	  much	  moss	   present	   on	   the	   dilution	   plates	   the	  moss	   samples	  should	  have	  the	  same	  regrowth	  rate.	   	  Growth	  on	  each	  plate	  was	  measured	  using	  a	  hemocytometer	  before	  and	  after	  with	  the	  aid	  of	  a	  compound	  microscope.	  After	  the	  growth	   on	   each	   plate	  was	   determined	   the	   numbers	  were	   averaged	   to	   establish	   a	  rate	  of	  growth.	   	  Although	  this	  procedure	  was	  used	  in	  the	  preliminary	  stages	  of	  our	  experiment	  we	  did	  not	  have	  enough	  time	  to	  conduct	  any	  cryovial	  experiments	  using	  ¼	  and	  ½	  dilutions	  of	  moss.	  	  
	  	  	   	  	  	   	  	  
Figures	  6a,	  6b,	  and	  6c	  (from	  left	  to	  right):	  Digital	  Images	  of	  Moss	  on	  PpNH4	  Prior	  to	  and	  After	  Freezing	  at	  Dilutions	  of	  Full	  (no	  dilution),	  ½,	  and	  ¼.	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Prior	   to	   conducting	   cryovial	   experiments	   our	   group	   wanted	   to	   examine	   how	  transitioning	  moss	  from	  room	  temperature	  to	  an	  extremely	  cold	  environment	  (-­‐80	  °C	  freezer)	  would	  affect	   its	  growth.	   	  This	  was	  done	  by	  cutting	  the	  cellophane	  from	  each	  moss	  plate	  in	  half	  using	  a	  sterile	  scalpel.	  	  Then,	  one	  half	  of	  each	  cellophane	  was	  placed	   into	   an	   empty	   petri	   dish	   and	   placed	   into	   the	   -­‐80	   °C	   freezer	   for	   twenty	  minutes.	   	  The	  petri	  dishes	  were	   taken	  out	  of	   the	   freezer	  and	  each	  cellophane	  was	  placed	  back	   into	   it	  respective	  PpNH4	  dish.	   	  The	  plates	  were	  placed	  back	  under	  the	  grow	   lights.	   	   Pictures	  were	   taken	   a	  week	   after	   the	   cellophanes	  were	   placed	   back	  onto	  the	  PpNH4	  plates.	  	  Figures	  6a,	  6b,	  and	  6c	  represent	  these	  pictures.	  	  The	  section	  of	  cellophane	  placed	  into	  the	  freezer	  in	  on	  the	  right	  in	  the	  full	  plate	  and	  on	  the	  left	  in	  the	  ½	  and	  ¼	  dilution	  plates.	   	  As	  you	  can	  see	  growth	   in	   these	  areas	   is	  significantly	  less	  than	  growth	  in	  the	  area	  of	  cellophane	  that	  was	  not	  frozen.	  	  The	  little	  growth	  that	  you	   see	   in	   the	   areas	   that	   were	   frozen	   is	   actually	   moss	   growing	   underneath	   the	  cellophane	  directly	  on	  the	  PpNH4	  medium.	  	  
	  	  	  
	  
Figures	  7a	  &	  7b:	  Digital	  images	  of	  Control	  Plates	  for	  Abscisic	  Acid	  treated	  and	  non-­‐treated	  (PpNH4)	  plants.	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Figures	   7a	   and	   7b	   show	   the	   non-­‐frozen	   control	   plates	   for	   both	   the	   Abscisic	   Acid	  (ABA)	  treated	  and	  non-­‐treated	  (PpNH4)	  plants.	  	  The	  figure	  on	  the	  left	  is	  the	  control	  plate	   for	   ABA	   treatment.	   	   This	   moss	   on	   this	   plate	   was	   pretreated	   on	   ABA,	   then	  transferred	  to	  a	  cryovial	  where	  it	  was	  allowed	  to	  soak	  in	  a	  solution	  of	  5%	  Dimethyl	  Sulfoxide	  (DMSO),	  and	  10%	  glucose	  for	  one	  hour.	  	  Then,	  the	  moss	  was	  taken	  out	  of	  the	  cryovials	  and	  re-­‐plated	  directly	  onto	  a	  PpNH4	  medium.	  This	  plate	  was	  allowed	  to	  grow	  without	  being	  frozen	  to	  serve	  as	  a	  control	  for	  normal	  growth	  after	  treatment	  with	  ABA.	   	  The	  figure	  on	  the	  right	  is	  the	  control	  plate	  for	  PpNH4.	  The	  moss	  on	  this	  plate	   was	   precultured	   on	   a	   PpNH4	   medium	   and	   then	   transferred	   into	   a	   cryovial	  where	   it	   was	   allowed	   to	   soak	   in	   a	   solution	   of	   5%	   DMSO	   and	   10%	   glucose	   for	   a	  period	  of	  one	  hour.	  	  The	  moss	  was	  then	  re-­‐plated	  directly	  onto	  a	  PpNH4	  medium	  and	  allowed	  to	  regrow.	  This	  plate	  was	  also	  not	  frozen	  in	  order	  to	  serve	  as	  a	  control	  for	  normal	  growth	  on	  a	  PpNH4	  medium.	   	  Although	  both	  plates	  are	   spotted	  differently	  you	  can	  see	  relatively	  equal	  growth	  on	  each.	  	  These	  pictures	  were	  taken	  a	  week	  after	  passing.	  	  
	  
Figures	  8a	  &	  8b:	  Abscisic	  Acid	  (left)	  and	  PpNH4	  (right)	  Control	  Plates	  under	  Blue	  Light	  with	  an	  Orange	  Filter	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Using	   chlorophyll	   fluorescence	   under	   blue	   light	   is	   another	  way	   to	   visibly	  monitor	  the	  growth	  of	  moss.	  	  Chlorophyll	  is	  a	  pigment	  in	  plants	  important	  for	  photosynthesis	  and	   is	   also	   responsible	   for	   giving	   them	   their	   green	   color.	   	   This	   pigment	   reflects	  green	   light,	   however,	   it	   absorbs	   both	   red	   and	   blue	   (Vogelmann,	   2002),	   and	  fluoresces	  red.	   	  By	  using	  the	  blue	   light	  with	  an	  orange	  filter	  you	  can	  estimate	  how	  much	   chlorophyll	   each	  moss	   sample	   contains.	   	   This	   is	   a	   good	  method	   for	   visually	  estimating	  whether	  or	  not	   the	  moss	   is	  alive.	   	  Figures	  8a	  &	  8b	  show	  the	  amount	  of	  chlorophyll	   in	  both	  the	  control	  plates	   for	  ABA	  and	  PpNH4.	   	  As	  with	  the	  pictures	   in	  Figures	  7a	  &	  7b,	  these	  were	  taken	  a	  week	  after	  passing.	  	  
	  
Figures	  9a	  &	  9b:	  	  Abscisic	  Acid	  and	  PpNH4	  plates	  minutes	  after	  thawing	  in	  +30°C	  water	  bath	  	  Figures	  9a	  and	  9b	  show	  pictures	  of	  moss	  originally	  grown	  on	  an	  ABA	  medium	  (left)	  and	  moss	   originally	   grown	  on	  PpNH4	   (right).	   	   These	  pictures	  were	   taken	  minutes	  after	  both	  moss	  samples	  where	  thawed	  in	  their	  respective	  cryovials	  and	  re-­‐plated.	  	  Both	  the	  ABA	  moss	  and	  PpNH4	  moss	  seems	  to	  still	  be	  alive,	  however,	  there	  are	  spots	  of	  brown	  discoloration	  on	  both	  plates.	  	  The	  brown	  discoloration	  could	  indicate	  that	  cell	  death	  is	  occurring.	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Figures	  10a	  &	  10b:	  	  Abscisic	  Acid	  and	  PpNH4	  plates	  after	  thawing	  in	  +30°C	  water	  bath	  and	  11	  days	  of	  regrowth	  	   	  Figures	  10a	  and	  10b	  show	  moss	  that	  has	  been	  thawed	  and	  re-­‐plated	  after	  a	  period	  of	  two	  days	  in	  the	  combined	  ethanol	  bath	  and	  -­‐80	  °C	  freezer.	  	  The	  picture	  on	  the	  left	  is	  of	  the	  plate	  that	  contained	  moss	  that	  was	  originally	  grown	  (prior	  to	  freezing)	  on	  a	  medium	  that	  contained	  Abscisic	  acid.	   	  The	  picture	  on	  the	  right	   is	  of	  moss	  that	  was	  originally	  grown	  on	  a	  PpNH4	  medium.	  	  Both	  plates	  contained	  5%	  Dimethyl	  Sulfoxide	  and	   10%	   glucose	   as	  well.	   These	   pictures	  were	   taken	   11	   days	   after	   the	  moss	  was	  thawed.	   	   It	   appears	   that	   the	  moss	   pre-­‐cultured	   on	  ABA	  was	   successfully	   regrown	  while	  the	  moss	  cultured	  on	  PpNH4	  was	  entirely	  killed	  during	  the	  freezing	  process.	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Figures	  11a	  &	  11b:	  Abscisic	  Acid	  and	  PpNH4	  plates	  under	  blue	  light	  after	  thawing	  in	  +30°C	  water	  bath	  and	  11	  days	  of	  regrowth	  	  Figures	  11a	  and	  11b	  show	  the	  same	  plates	  from	  figures	  10a	  and	  10b.	  	  These	  photos	  were	  taken	  11	  days	  after	  the	  moss	  was	  thawed	  using	  a	  blue	  light	  and	  orange	  filter.	  	  Using	  this	  light	  allows	  one	  to	  more	  clearly	  see	  if	  there	  is	  chlorophyll	  still	  present	  in	  the	  moss,	   indicating	  whether	  or	  not	  the	  moss	  is	  alive.	   	  The	  moss	  in	  the	  left	  picture	  was	   originally	   grown	   on	   a	   PpNH4	   medium	   and	   then	   pre-­‐cultured	   on	   a	   medium	  containing	  ABA	  for	  a	  week	  while	  the	  moss	  in	  the	  right	  picture	  was	  originally	  grown	  on	   a	   medium	   containing	   PpNH4.	   	   It	   is	   clearly	   evident	   that	   after	   an	   eleven-­‐day	  regrowth	  period,	  the	  moss	  pretreated	  with	  ABA	  (left)	  that	  survived	  preservation	  has	  regrown,	  whereas	  the	  moss	  that	  was	  not	  pretreated	  (right)	  died	  during	  the	  freezing	  process.	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Chapter	  5:	  Discussion	  &	  Future	  Experiments	  
The	   outcomes	   and	   conclusions	   of	   this	   project	   are	   described	   in	   the	   following	  sections.	   	   Recommendations	   for	   future	   experiments	   and	   ways	   to	   continue	   this	  project	  are	  also	  included.	  
5.1	  Initial	  Conditions	  	  Formulating	  an	  experimental	  process	  for	  this	  project	  was	  greatly	  influenced	  by	  the	  scientific	   journal	   article	   “High	   throughput	   cryopreservation	   of	   140,000	  
Physcomitrella	  patens	  mutants”	  (Schulte,	  2004).	  	  The	  major	  concepts	  of	  the	  methods	  presented	   in	   that	  paper	  were	  used	  as	   a	   guideline	   to	  help	  design	  our	   experiments.	  Agarose	   plates	   consisting	   of	   PpNH4	   were	   poured	   under	   sterile	   conditions	   and	  allowed	  to	  cool	  over	  night.	  Plates	  were	  not	  originally	  refrigerated	  after	  this	  process,	  but	   allowed	   to	   sit	   out	   at	   room	   temperature.	  This	  proved	   to	   cause	   spiked	   levels	  of	  contamination,	  plates	  were	  then	  later	  refrigerated	  from	  that	  point	  on	  which	  halted	  all	  contamination.	  	  
5.2	  Passing	  Moss	  	  Once	  our	  experimental	  process	  was	  completely	  formulated	  a	  routine	  schedule	  was	  set	  up	  in	  order	  to	  keep	  a	  steady	  supply	  of	  moss	  for	  week-­‐to-­‐week	  experimentation.	  All	  necessary	  materials	  needed	  to	  be	  autoclaved	  prior	  to	  passing	  of	  the	  moss.	  Initial	  attempts	  at	  autoclaving	   tinfoil	  wrapped	  metal	   tools,	   such	  as	  grinder	   tips,	   spatulas,	  forceps,	   etc.	  were	   unsuccessful.	   This	   problem	  was	   solved	   using	   autoclavable,	   self-­‐sealing	  bags.	   These	  bags	   could	  be	   easily	   removed	   from	   the	   autoclave	   and	  directly	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stored	   in	  a	  vacuum-­‐type	  sealed	  package,	  which	  allowed	   for	  optimal	   sterility.	  Moss	  was	  ground	  using	  an	  electronic	  grinder,	  which	  separated	  intact	  moss	  entirely,	  but	  in	  some	   cases	   too	   much,	   this	   was	   an	   important	   parameter	   to	   optimize.	   Moss	   was	  ground	  on	  an	  average	  speed	  of	  around	  15	  on	  the	  digital	  meter	  for	  no	  longer	  than	  20	  to	  30	  seconds.	  Previous	  trials	  showed	  that	  moss	  ground	  on	  a	  speed	  higher	  than	  15	  for	  longer	  than	  20	  seconds	  caused	  cell	  death	  to	  occur	  as	  the	  moss	  was	  destroyed	  in	  the	   grinding	   process.	   After	   all	   necessary	   adjustments	   were	   made	   this	   process	  became	  standard	  procedure	  for	  passing	  moss	  on	  a	  week-­‐to-­‐week	  basis.	  	  
5.3	  Growing	  Moss	  on	  Abscisic	  Acid	  (ABA)	  	  In	  order	  to	  prepare	  moss	  for	  cryogenic	  conditions	  it	  must	  be	  grown	  on	  a	  precursor	  medium,	  which	  was	  a	  modification	  of	  the	  standard	  PpNH4	  medium	  by	  the	  addition	  of	  abscisic	  acid,	  proline,	  and	  mannitol.	  The	  first	  trial	  of	  moss	  to	  be	  passed	  onto	  the	  ABA	  medium	  was	  ground	  and	  placed	  on	  cellophane	  inside	  the	  plate.	  The	  plate	  was	  then	  immediately	  placed	  under	  grow	  lights	  for	  7-­‐days.	  After	  the	  7-­‐day	  period	  moss	  did	  not	  grow.	  We	  suspect	  that	  the	  concentration	  of	  the	  ABA,	  proline,	  mannitol,	  or	  a	  combination	  of	  these	  caused	  the	  moss	  to	  halt	  its	  growth,	  as	  they	  are	  both	  relatively	  strong.	   High	   levels	   of	   these	   chemicals	   cause	   stress	   when	   plants	   are	   trying	   to	  regenerate	  after	  grinding	  and	  the	  delicate	  sieved	  moss	  can	  become	  affected	  quickly.	  In	   order	   to	   fix	   this	   problem	   cellophane	   from	  mature	  moss	   grown	   on	   PPNH4	  was	  directly	  transferred	  to	  ABA	  medium	  via	  cellophane	  transfer	  and	  maintained	  for	  an	  additional	   week.	   This	   proved	   to	   be	   successful	   as	   the	   moss	   transferred	   this	   way	  stayed	  alive	  without	  any	  complications	  and	   later	   could	  be	  ground	  and	  propagated	  successfully.	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5.4	  Freezing	  Moss	  	  First,	  when	  the	  cryogenic	  procedures	  were	  being	  formulated,	  moss	  was	  completely	  frozen	   to	   get	   a	   picture	   of	   what	   that	   would	   look	   like.	   Freezing	   moss	   completely,	  which	  killed	  it,	  served	  as	  a	  guide	  for	  distinguishing	  the	  living	  moss	  from	  dead	  moss	  after	   cryopreservation.	   	   For	   this	   experiment,	   cellophanes	   containing	   different	  amounts	  of	  moss	  were	  removed	  and	  cut	   in	  half	  and	  then	  frozen.	  After	  exposure	  to	  freezing	   the	   cellophane	   was	   replaced	   on	   the	   half	   of	   the	   plate	   from	   which	   it	   was	  taken,	   and	   re-­‐placed	   under	   LED	   grow	   lights.	   	   This	   showed	   that	   completely	   dead	  moss	  differs	  from	  alive	  and	  growing	  moss,	  and	  the	  side-­‐by-­‐side	  comparisons	  made	  this	  observation	  easiest.	  	  	  Polypropylene	  2mL	  cryovials	  were	  used	  as	   freezing	  vessels	   to	   contain	   the	   ground	  moss.	  The	   first	  attempt	  at	   freezing	  moss	  was	  performed	  by	  placing	  cryovials	   filled	  with	  moss	  and	  a	  cryoprotectant	  mixture	  directly	  into	  a	  -­‐80°C	  freezer	  and	  allowed	  to	  cool	  at	  the	  freezer’s	  generic	  cooling	  rate.	  These	  first	  trials	  were	  later	  hypothesized	  to	  be	  unsuccessful	  due	   to	   the	  moss	  getting	   frozen	   to	  quickly.	  Without	  a	  controlled	  cooling	  apparatus	  the	  moss	   is	  subjected	  to	   lethally	   freezing	  temperatures	  at	  a	  rate	  that	   would	   always	   cause	   moss	   cells	   to	   die.	   By	   correcting	   this	   problem	   with	   a	  controlled	   freezing	  apparatus	  moss	  was	  allowed	   to	   cool	   at	   a	   rate	  more	   commonly	  found	  in	  nature.	  The	  next	  run	  of	  cryovials	  was	  performed	  using	  the	  same	  process	  as	  previously	  mentioned,	  however	  this	  time	  cryovials	  were	  cooled	  at	  a	  controlled	  rate	  of	  -­‐1°C	  per	  minute.	  This	  was	  done	  using	  an	  ethanol	  bath	  freezing	  apparatus,	  which	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proved	   to	  be	   successful	   as	  moss	  was	  allowed	   to	   cool	   at	   a	   constant	   rate	   instead	  of	  being	  directly	  exposed	  to	  such	  cold	  temperatures.	  
5.5	  Thawing	  Moss	  	  Frozen	   cryovials	   of	   moss	   were	   immediately	   placed	   into	   a	   +30°C	   water	   bath	   that	  allowed	  them	  to	  defrost	  completely.	  This	  method	  of	  using	  a	  +30°C	  water	  bath	  was	  the	  preferred	  method	  because	  due	  to	  numerous	  trials	  in	  scientific	  literature	  results,	  a	  rapid	  thaw	  (when	  previous	  steps	  were	  performed	  correctly)	  allowed	  for	  a	  100%	  re-­‐growth	   rate	   (Shulte,	   2004).	   After	   all	   ground	   moss	   was	   in	   liquid	   form	   and	   no	  longer	   frozen,	   it	   was	   pipetted	   out	   of	   cryovials	   under	   sterile	   conditions	   and	  distributed	  onto	  fresh	  PPNH4	  plates.	  Plates	  were	  allowed	  to	  grown	  under	  LED	  lights	  until	  results	  appeared	  around	  11-­‐days	  later.	  No	  complications	  occurred	  during	  this	  step.	  	  
5.6	  Future	  Experiments	  	  Due	   to	   limited	   time	   resulting	   from	   initial	   culture	   contaminations,	   there	   was	   not	  sufficient	   time	   to	   complete	   more	   experiments	   with	   the	   eleven-­‐day	   regeneration	  window	   of	   moss	   pre-­‐treated	   with	   ABA	   and	   cryoprotectants.	   We	   were	   able	   to	  perform	  only	  one	  successful	  experiment	  with	  the	  appropriate	  negative	  and	  positive	  controls.	   For	   our	   results	   to	   be	   conclusive,	   we	   will	   need	   to	   perform	   additional	  repetitions	   showing	   similar	   results.	   The	   results	   presented	   here	   should	   be	  considered	   preliminary	   until	   successfully	   replicated.	  We	   also	   propose	   an	   addition	  experiment	   that	   will	   test	   the	   long-­‐term	   storage	   potential	   of	   this	   protocol.	   One	  experiment	  would	  be	  to	  follow	  the	  freezing	  and	  thawing	  protocols	  exactly	  with	  the	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